both absolute intakes continued to increase with time, water intake increased at a greater rate than food ingestion. Thus, the water-to-food ratio gradually increased. These findings obtained for both sexes.
drinking in rats water deprivation food deprivation A LTHOUGH MANY STUDIES (I, 3, g, 21, 22) have demonstrated parallelism between water and food intakes in the rat, little has been revealed of possible factors which might influence this relationship, except for variations in the composition of the diet (2, 4, I 2, I 7). Without such knowledge, it is difficult to interpret changes in ingestion which may occur under various experimental conditions.
The paucity of information perhaps is due to the fact that most of the previous observations have been of relatively short-term duration and in animals of widely varying ages. Long-term observations on the rabbit (6) revealed that sex, age, and growth are important factors conditioning eating and drinking, while similar studies in the dog (5) have demonstrated that these are not important.
Since the rat is so frequently used, long-term studies on this animal maintained on a diet of uniform composition may help resolve some of the questions concerning the water-food relationship.
Influence of growth, age, and sex. Six normal a8-day-old Sherman rats of each sex were housed individually in metabolism cages and observed daily for a period of 3 months. Measurements of food and water intakes and body weights were made at approximately the same time each morning. Evaporation from the calibrated inverted water tube was negligible ( < 0.5 ml/day). The water intake was read to the nearest milliliter.
The external food bins were fitted with a wire screen to minimize spillage. When scattering was evident, correction was made by weighing the spillage recovered from the fine wire mesh beneath the cage floor. Food was weighed to the nearest 0.5 g. The diet of constant composition was a dry pellet form, Rockland rat diet ("D" free 75, 125, and 225 g) were used. One half of each group was handled minimally prior to 5 days of food deprivation, while the other half was handled daily for a week before food withdrawal.
Handling involved the removal of the animal from its cage and its placement in an animal-weighing balance to accustom it to these procedures. in daily food and water intakes. As is usual, these increases were relatively large in the early weeks and tended to level off with time, and in general were greater for the males than for the females (Fig. I) . In both sexes, the rate of increase in water intake was greater than that for food intake, resulting in a gradually increasing water :food ratio ( Table I) .
The day-to-day variations in intakes for a single animal were considerable.
Such daily oscillatory patterns have been observed by others (I 8) and were independent of any possible temperature or humidity effect since, on any given day, the change in direction was not consistent in all animals.
Although the absolute food ingestion increased with age, it did not keep pace with the increase in body weight, so that in both sexes the ratio of food intake-tobody weight declined progressively.
The average data are shown in Table I . On the other hand, when water intake was expressed as a function of body weight, significant deviations in intake occurred only during the first 3 weeks (Table  I) . Ingestion of water (per I oo g body wt) during the 1st week was always considerably higher than in the 2nd week. A similar deviation has been observed during the 1st week with adult animals (unpublished data). When the average increases from week to week for body weight and in food and water ingestions are compared, statistically significant (P < .OI) increases occurred for all variables from the 1st to 2nd week. Thereafter, only body weight showed significant increases in each successive week. The week-to-week increase in intakes was gradual, and significant differences were noted only when the comparison was made over a longer interval of time.
The three series of daily measurements for each rat, i.e., body weight and food and water intakes, represent a trivariate time series. Therefore, the interdependence of the variables at any given time and also the changes that occur with the passage of time were studied (I 4). When daily food intake was plotted against the corresponding body weight, the relationship appeared to be approximately linear. Accordingly, a straight line was fitted to the data for each rat. These lines were not significantly different from each other for a given sex. For males, the intercepts varied between 8.8 and 13.4 g/day with a standard error of I .2; the slopes varied from .03 to .06 g/day per g body wt with a standard error of .0045. For females, the intercepts ranged from 8.6 to 9.9 g/day with a standard error of I .2 ; the slopes ranged from .02 to .06 g/day per g body wt with a standard error of .0065. Thus, for a given male rat, food intake during the period of study may be represented by the relation:
daily food intake (g) = 9.6 g + .03 body wt. For a given female rat, Jhe corresponding relation is: daily food intake (g) = 8.8 g + .03 body wt. The relation of water intake to body weight of the same day closely paralleled that of food. Thus, again, the dependence on the per unit weight increase was slight; the average water intake increased only a fraction (< .05) of a milliliter for each additional gram of body weight.
The joint behavior of the three variables was also examined (I 4). A further regression study was made by fitting a multiple regression equation to the daily water intake as a function of both body weight and food intake. In these multiple regression equations calculated for each rat, the coefficient for the increase in water intake with body weight remained at approximately the same level as in the earlier case when food was not taken into account. The dependence of water intake on food, however, was much stronger. For both males and females, there was, on the average, an increase in water intake of approximately .75 ml for every gram of additional food, contrasted with an increase of approximately less than .05 ml for every gram of additional body weight. However, because the increase in body weight per day is far greater than the daily increase in food intake, that portion of total water ingestion which is due to the body weight increment is much greater than that related to food intake.
small standard errors and can be considered well estimated. The coefficients for food and water are poor estimates, with large standard errors, as expected in view of the oscillations in the daily feeding patterns. Although weight and age modified the water-to-food ratio, the parallelism between water and food intake persisted, as illustrated in Fig. 2 . Further evidence of this parallelism is demonstrated by experiments in which the animals were deprived of all water but allowed food (Fig. 3) . During the 5 days of water deprivation, the average food intake for the females was 47, 23, 2 I, I 2, and 6 %, respectively, of the control intake (daily average of the preceding week). The corresponding values for the males were 52, 22, I 5, g, and 4 %. This positive relationship was again shown when the animals were deprived of all food but allowed water (Fig. 4) . During the 5 days of food deprivation, the average water intake for the females was 32, 45, 53, 46, and 40 %, respectively, of the control intake. The corresponding values for the males were 40, 32, 34, 25, and 25 %.
The preceding considerations represent the dependence of daily food and water intake on body weight for the same day. It is also possible to find a formula representation of the daily weight increase of each rat as a function of previous weight and food and water intake by using techniques for multivariate time series. For example, the following equation was obtained for a typical rat (rat 2) : daily weight increase (g) = 5. I 7 g + I I food intake (g) + .08 water intake (ml) -.02 body wt (g). Standard errors were computed for each term. The constant and the coefficient of the body weight have On the basis of 500 observations, the normal female drank I I .4 & .3 ml water/day per IOO g body wt, while simultaneous food intake was 9.5 rfr .2 g/Ioo g body wt, and in 40 random observations the basal water intake (no food) was 3.3 =,t .3 g/Ioo g body wt. This latter value is in accord with that found by Dicker (7).
In an equal number of observations (500) on the normal male, the average water intake was I I .8 =t .2 ml/100 g body wt, and the food intake was 9.8 rt .2 g/ IOO g body wt. With food deprivation, the fluid intake was 3.0 & .4 ml/100 g body wt. There was no statistical difference between any of these values and those from the normal female.
Injuence of body weight and handling on fluid ingestion during food dekrivation. The effects of complete food deprivation for 5 days on the daily water ingestion are summarized in Table 2 and Fig. 5 . Most of the animals survived at least 4 days of deprivation.
Handling the animal for I week prior to experimentation significantly reduced the daily water intake of food-deprived rats. Although handled or adjusted rats drank less than unadjusted rats of the same weight, the daily intake of water increased with increased weight in both groups. As further evidence of the effect of weight on drinking during 5 days of food deprivation, a group of IO handled animals (40 observations) averaging gg g in weight were compared with a group (also handled) of equal number averaging I gg g. The smaller group had a daily intake of 3.0 =t 0.2 ml/day, while the group which was twice as heavy had an average daily intake of 8.0 =t 0.8 ml/day. rats (I 5). The ratio of water intake to body weight decreased during the first 3 weeks but not thereafter (i.e., after 7 weeks of age). This particular finding is at variance with that reported by Richter and Brailey, since after the 3rd week we found that the water intake did correlate with the body weight. Furthermore, though males and females of the same age showed marked differences in absolute water intake, there was no significant difference when the intake was expressed per IOO g body wt. The water intake also was found to be directly correlated with the body surface area except for the 1st week, during which accommodation occurred. This is in accord with the short-term observations by Siegel and Stuckey (20) on the correlation of water ingestion to either body weight or skin area when the rat is permitted food ad lib. In sharp contrast, although the absolute food intake increased with age, the relative food intake decreased significantly (P < .oI). Since the intakes increase at different rates, the water-to-food ratio expectedly would be altered with time. When daily drinking is plotted day-by-day against the daily weight, the slope of the straight line obtained is small. Thus, for every gram of weight gained, the intake of water increases only by about .035.05 ml. In contrast, the contribution to the total average daily increase in water intake is approximately .75 ml for every additional gram of food eaten. However, since the daily body weight gain is much greater than the gain in food intake, the former accounts for the major quantity of the increase in total daily water intake.
Although it is possible to find a formula (see RESULTS) Each curve is composite of data from 6 animals of same sex.
for the daily weight increases of any rat as a function of previous body weight and intakes, such an equation applies only to freely feeding, healthy rats during their period of growth.
It cannot be used, for example, to predict what would happen if the animal would not eat or not drink as in a deprivation experiment. But it does reflect the essential features of the normal growth pattern. The negative term (-.02 body wt) indicates that the increase in daily body weight is large at the early ages, when the animal is small, and diminishes as the animal approaches his adult weight. Following a period of adjustment or accommodation during which water intake is high, the water-to-food ratio declines to its lowest value at about the 2nd week of observation and then gradually increases with age. The mechanism responsible for accommodation is not known. It seems reasonable that a period of adjustment is needed when the animal is placed in a different environment, is isolated from other rats, must obtain both food and water from different devices, and, in some instances, may be exposed to a different type of diet. In these experiments, food composition and room temperature were maintained constant. Age was not a factor in adaptation, since the phenomenon occurred in both young and adult rats. In view of these findings, studies which entail daily observations on water and food intakes should take into account the adjustment period. As demonstrated in partial, acute, and prolonged water deprivation
(1-3, g, I 3, 2 I, 22), there was a rapid decline in food intake during complete water deprivation; some animals in our series were not ingesting any food by the 5th day. On the other hand, deprivation of food resulted in a decrease in water intake, but as noted by others (9, PI), a moderate quantity of fluid was ingested at all times. Thus, as in the case of the dog (5), total water intake may be considered as a composite of that amount related to food intake and a basal requirement which continues to be ingested during food deprivation. The basal water requirement as herein used is that necessary to replace water lost by way of evaporation, fecal loss, and renal solute excretion (I 2, I 5, 19) when no food is being ingested; the rates of water loss by these pathways would increase, of course, with food intake. The finding that there is a progressively increasing basal fluid intake with age could account for the increasing water-to-food ratio with age. Although the unadjusted rats had a higher basal intake. than adjusted rats, both groups showed significant increases of water intake as they became older. The increased basal intake in the unadjusted animal, whether small or large, may account for the higher water-to-food ratio obtained during the 1st week of study than in the 2nd week. When the average data for basal water intake are plotted (Fig. 5) , the curve shows a distinct break at about the 155-g body wt.
